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ABSTRACT 



In the present Study, the Strontium doped Zinc Manganese Titanate (S^Zn^MnTiOs, x=0.1, 0.3, 0.5, 0.7 & 0.9) 
Ceramics were prepared by conventional solid state reaction route. The raw powders were mixed according to molar ratio 
and the mixed powders were grained with Ball Mill for 12h. The grained samples were calcined at 1150°C and sintered at 
temperature 1250°C. These samples were characterized by XRD, SEM, and HIOKI 3532-50 LCR Hitester for structural, 
Micro structural and Dielectric studies respectively. From the XRD studies the structure of the compound were found as 
Cubic. The SEM with EDAX results shows that the compound well stoichiometric and high porous. The activation 
energies were increased from 0.78eV-1.25eV with addition of Sr composition. The dielectric constant was increased with 
temperature and decreased with frequency. 

KEYWORDS: Solid State Reaction Route, XRD, SEM, Dielectric Constant, Activation Energy 
INTRODUCTION 

Titanium dioxide [1] has attracted much attention due to its promising applications in the environmental 
photocatalytic degradation of pollutants of organic compound in waste water [2, 3] and utilization of solar energy [4, 5]. 
Zinc Manganese Titanates are promising candidates for low temperature sintering dielectrics [6, 7]. Hexagonal ZnTi0 3 is 
unstable at higher temperatures and much work has been devoted to the synthesis of ZnTi0 3 powder [8]. Dopents have 
been add to the reduced sintering temperature, but practical applications of partly restricted due to unstable dielectric 
properties originating from complex phase transitions [9]. Therefore many efforts have been made to prepare ZnMnTiOi 
improved stability. To achieve high stability divalent cations such as Mn 2+ , Mg 2+ , Sr 2+ etc., were introduced to ZnMnTi03 
and their stability were much better than that of ZnTiOi. It is possible to substitute Sr ion and Zn ion for each other to form 
Sr x Zni_ x MnTi05 (x=0.1, 0.3, 0.5, 0.7 & 0.9) by solid state reaction method, which might improve the stability and 
dielectric properties. In the present work nominal compound of ZnMnTi0 3 were prepared by solid state reaction method 
[10], and observed that the Dielectric properties were very poor in this case. So to enhancing the dielectric properties with 
the doping of divalent Strontium ion. 

EXPERIMENTAL DETAILS 
Materials 

Titanium dioxide (Ti02) powder (P-25), Zinc Oxide (ZnO), Manganese Carbonate (MnC03) and Strontium 
Carbonate (SrCOj) were purchased from Aldrich Chemical (USA) with purities above 99%. Poly Vinyl Alcohol (PVA) 
used as a binder to prepare the pellets. S^Zn^xMnTiOs (x=0.1, 0.3, 0.5, 0.7 & 0.9) Ceramic samples were prepared by the 
conventional Solid State Reaction Route from oxide powders with purities above 99%. To obtain the single phase of each 
composition, grained by Ball Milling for 12h with Zirconia balls in polyethylene jars. The mixed powders were calcined at 
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1150°C for 24h. The obtained grained powders were mixed with Polyvinyl Alcohol (PVA) solution as binder and then 
pressed into discs 10mm diameter and thickness of 2mm under hydrostatic pressure about 10Kg/cm 2 . The resultant pellets 
were sintered at 1250°C for 4h. The structural studies were carried out by X-ray Diffraction [11] Unit. The surface 
morphology [12] was examined by scanning electron microscopy (JEOL J. SM-35, Japan). The porosity were measure by 
the Archimedes techniques [13] using water immersion. The dielectric constant, loss tangent, ac conductivity were 
measured using HIOKI 3532-50 LCR HiTester (imported from Japan) with variation of temperature and frequency (up to 
1MHz). 



From the below figures the XRD patterns of the samples at x= 0.1, 0.3, 0.5, 0.7 & 0.9 respectively. As the Sr 
composition was increased the maximum intensity peaks shifted towards the lower angles because of the substitution of the 
Sr ion in to the Zinc ion with the increase of the ion radius. From the XRD studies the structure of the samples were 
confirmed as cubic with the entire composition and with the help of Lattice parameters. The average grain size of the 
samples were calculated from the Scherrer's equation as varied from 1 1.6 - 9.01A 0 



Micro Structure Analysis with SEM and ED AX 

The following figure 2 shows the Scanning electron micrographs of S^Zn^MnTiOs (x=0.1, 0.3, 0.5, 0.7 & 0.9). 
The micrographs shows the particle size is going to be increased when change the Sr composition from 0.1- 0.9, but we 
observed at very clear formation of grains at x=0.5 because of the stiochiometric ratio of the sample and also the particles 
are arranged uniformly. So we get the better results at x=0.5 i.e. in terms of Dielectric measurements (K). The Strontium 
composition is further increased the uniformity goes decreased because of Sr 2+ ions dominates. 



RESULTS AND DISCUSSIONS 



Structure Analysis with XRD 
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Figure 1: The XRD Patterns for the Sr x zni. x mntio 5 (X=0.1, 0.3, 0.5, 0.7 & 0.9) 



Impact Factor (JCC): 1.8003 



Index Copernicus Value (ICV): 3.0 
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Figure 2: The Scanning Electron Micrographs of Sr x Zni x MnTiO s (x=0.1, 0.3, 0.5, 0.7 & 0.9) 
Dielectric Measurements 

For dielectric measurements the powder form of the sample is grained for 12h and taken 1 gram of the sample 
then add small amount of PVA as a binder and prepare the pellet by pellet making machine with diameter 1.0cm and 
thickness 2mm with the application of hydraulic pressure of 10 Tons. These pellets were sintered at 1250°C for 4h. 
Then these pellets were used for the dielectric measurements with the help of HIOKI 3532-50 LCR HiTester 
(Imported from Japan) at different frequencies and different temperatures 

The following Figure 3 plots shows the variation of dielectric constant with temperature at different frequencies of 
Sr x Zni_ x MnTi05 (x=0.1, 0.3, 0.5, 0.7 & 0.9). From these plots, we found the maximum dielectric constant was observed at 
x= 0.5 with all frequencies (100, IK, 10K, 100K, 1M Hz). The dielectric constant is further decreased because of the 
smaller ionic polarizability of the Zinc when compare with the Strontium. 
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Figure 3: The Dielectric Constant vs Temperature of Sr^n^xinntios (X=0.1, 0.3, 0.5, 0.7 & 0.9) 

at Different Frequencies (100-lmhz) 



Impact Factor (JCC): 1.8003 



Index Copernicus Value (ICV): 3.0 
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CONCLUSIONS 

The Sr doped Zinc Manganese Titanate ceramics were prepared with solid state reaction route. We conform that 
the structure as a cubic from X-ray Diffraction analysis. From SEM micrographs, we found the clear arrangement of grains 
at x= 0.5 because of the stoichiometric composition of Strontium and Zinc. The ED AX analysis gives the percentage of Sr, 
Zn in the composition and also the compound is well stiochiometric. The Dielectric measurements gives the dielectric 
constant is temperature and frequency dependent. As the temperature increases the dielectric constant is also increases and 
get good dielectric constant value is observed at x=0.5 for all the frequencies when compare with previous literature. 
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